Using FACS and single cell reverse transcriptase polymerase chain reaction, we examined the cerebrospinal fluid (CSF) IgG VH repertoires from 10 subjects with a clinically isolated demyelinating syndrome (CIS). B and plasma cell repertoires from individual subjects showed similar VH family germline usage, nearly identical levels of post-germinal center somatic hypermutation, and significant overlap in their clonal populations. Repertoires from 7 of 10 CIS subjects demonstrated a biased usage of VH4 and/or VH2 family gene segments in their plasma or B cell repertoires. V-regionbias, however, was not observed in the corresponding peripheral blood CD19+ B cell repertoires from 2 CIS subjects or in normal healthy adults. Clinically, subjects with VH4 or VH2 CSF IgG repertoire bias rapidly progressed to definite MS, whereas individuals without repertoire bias did not develop MS after a minimum of 2 years of follow-up (p = 0.01).
Introduction
Analysis of the humoral immune response in MS patients demonstrates features of an antigen-driven B cell and plasma cell response. Examination of the IgG heavy chain repertoire in MS plaques (Baranzini et al., 1999; Owens et al., 1998; Owens et al., 2001; Smith-Jensen et al., 2000) and CSF (Colombo et al., 2000; Owens et al., 2003; Qin et al., 1998; Ritchie et al., 2004; Harp et al., 2007) has revealed overrepresented and clonally related IgG sequences. Identical findings are observed in the CSF of individuals following a clinically isolated demyelinating syndrome (CIS) [optic neuritis, brainstem or spinal cord event] (Haubold et al., 2004; Monson et al., 2005; Qin et al., 2003) indicating that similar forces shape the humoral immune response in early demyelinating disease.
An additional feature of the central nervous system (CNS) IgG repertoire in MS patients is the overrepresentation of VH4 family heavy chain sequences in MS plaque, periplaque white matter, and CSF (Baranzini et al., 1999; Owens et al., 1998; Owens et al., 2007b; Smith-Jensen et al., 2000) . The temporal course of VH4 bias in MS remains unknown. We therefore examined the VH family germline distribution in the CSF IgG B and plasma cell IgG repertoires of a cohort of CIS patients and examined the relationship between VH family germline bias and additional measures of disease activity.
Materials and methods

Patients
CSF was obtained from CIS patients (optic neuritis, brainstem or spinal cord syndrome) at the Neurosciences Center at
